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p
" I. INTRODUCTION

1 ' . . • ' . ' ' • ' • . 'The primary, sources of airborne asbestos are associated with the
3 mining and manufacturing of asbestos. At a manufacturing facility, such1

as the plants operated In Ambler, Pennsylvania, asbestos enters the
1 atmosphere from fugitive emission sources. These fugitive emissions
i»-. • . usually consist of small, periodic releases, originating from various

; baghouse control, devices, doorways and imperfect seals on contaminant
!|. areas, and asbestos particles from the surface layer of the active and

, Inactive waste-disposal piles. . ' . •
J The Inactive waste-disposal pile in the vicinity of the Nlcolet Indus-
'••I 'tries plant Is a large, irregular-shaped mound, covering an area of approx-
"--• , .jately 10 acres. The major axisjof the pile is oriented east-west. The
1 pile was primarily created from the disposal of asbestos waste products'

manufactured at the Nlcolet plant. The waste-disposal pile 1s composed ,I' • • . • .
primarily of calcium carbonate, asbestos, and other inorganic and organic

;i materials. .
'Although the pile has remained inactive for about 7 years, It,was '

J utilized most recently as a disposal site for sewage sludge generated
by a nearby waste-treatment plant. As a.result, vegetative growth such

J as trees, grass, and shrubs now covers approximately 60 to 75 percent of
] the elevated surface area. The remaining surface area consists of rela- ,
f tively exposed, steep slopes around the periphery of the pile. As one •
J ' • • • ' , '

would expect, the lack of vegetative cover for these exposed areas Is
0 primarily due to the steep slopes and high alkalinity of the material.

An aerial view of the Nlcolet plant and the Inactive pile 1s shown In
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1
•-) Figure 1. The white areas of the photograph are the exposed slopes.
J The exposed slopes, especially along the northern bank of the
rj Inactive waste-disposal pile, represent a potential area for fugitive ,'

asbestos emissions. Directly bordering the slopes of the northern bank
| ,1s a conmunlty recreational area (I.e., basketball court and barbecue)

, • and the adjacent properties of occupied dwellings. Because of the poten*
A. , . .tial Injurious effects from the Inhalation of asbestos fibers, the

' • * ' . . ' . •
•t Pennsylvania Department of Environmental Resources is concerned about

the nonoccupatlonal'exposure of the local population in the vicinity of .
] • the Inactive pile. Specifically, does the asbestos released from this

Inactive .pile represent a hazard to public health?
' To answer this question, the Pennsylvania Department of Environmental
? Resources,(DER), Bureau of A1r Quality and Noise Control, contracted '

i »a * p ' ' sfi ' " , ' « . . ' . ,
Equitable Environmental Health, Inc. (EEH) to conduct a study to

j determine

] 1. If, and under what conditions, asbestos is released from'ttfe"
,'' Inactive refuse pile and transported to the adjacent residential

j . '• community ' • , • ' • ' "
1 2. the extent of community exposure to airborne emissions from the

pile • . •
1 . 3. to what extent, If possible, the other plant activities con-

tribute to the ambient levels of asbestos.
) , . . • ' . ':. '

To accomplish these objectives, EEH designed and conducted an'inten-
\ sive field monitoring program in the vicinity of the inactive pile. This
. report describes the results of the intensive monitoring survey and
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•^ Includes a discussion of the design and operation of the field sampling
program, a presentation of quantitative estimates of asbestos concentra-
tlons, and an evaluation of the ambient asbestos levels.

o
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•I
, II. PROGRAM SUMMARY

2J • During November 1976, an Intensive monitoring program wa,s undertaken
to determine the levels of conrnunity exposure to airborne asbestos, In the

<•*..' , vicinity of the Inactive refuse pile in Ambler, Pennsylvania. Monitoring •
3. stations were established to determine If other nearby asbestos sources .. • • • • • • ' • ;

. • contribute to nonoccupatlonal exposure levels in the vicinity of the test ,

3 : • area-, . ' . . • . ' • ; ' ,. '
. ' ' A total of 13 monitoring stations were established, and. 123 samples
jl ' ' • •
•* ' . were collected; 73 of those were analyzed for asbestos. The selection of.
-51 samples was based primarily on meteorological conditions, condition of the
*iM ' '
'. pile, and maximum potential comnunity exposure.
3 ' .

The samples were analyzed 'by Walter C. McCrone Associates, Inc.
•fJ • The analysis consisted of .examination of the samples by optical (NIOSH'I . - ' ••.*'.• • * > _ : • . • _ • .
"* •' phase-contrast) microscopy and transmission electron microscopy. • •••
"S Of, the 73 samples- analyzed, only 4 samples had detectable levels of
**j* ; . ' . • , . .

asbestos, of which only 2 could be attributed to the Inactive pile,_.Eollow-
J" • •

1ng Is a tabulation of the asbestos concentrations detected and the probable
3 source: ' •

Asbestos Level
Sampling Site (fibers/cubic centimeter) Probable Source

C, . 0.017 . Inactive pile , .
F2 0.085 Plant activities
F3 0.028 Plant activities

' G. 0.025 , Plant, active pile,
• . and inactive pile •

The asbestos concentrations observed were extremely low and relatively
Infrequent.
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' ' HI. PROGRAM APPROACH

• t

The program was divided Into two phases. The Initial phase 'con- '
slsted of a preliminary survey designed to collect filter samples fn
order to establish the optimum dust-loading condition for each type of
sampler. Ths second phase, the primary monitoring survey, was designed

, to obtain samples at preselected locations in the vicinity of the inactive
pile for a 3-week period.

Based on previously established criteria for filter sample selection,
various filters were analyzed to determine the asbestos concentrations.
Next, the results of the filter analysis were reviewed and evaluated
;with respect to the existing meteorological conditions, the state of the
pile, and the potential source(s). of asbestos.

X " PRELIMINARY MONITORING PROGRAM • .

»
. ; Prior to the start-up of the primary monitoring program, it was

necessary to establish the optimum dust-loading conditions because' "•
excessive'loading of nonasbestos fiber would make the filter analyses ,
extremely difficult and contribute to Inaccurate estimates of asbestos1
fiber concentrations. At the same time, a sufficient volume of air had
to be sampled to make the results statistically significant.

In order to determine the optimum volume of air to pass through
each filter, seven sampling locations were established adjacent to and
along the exposed slope of the inactive pile where it was anticipated
that asbestos concentrations would be maximum. The total airflow

O through each sampler was varied from 1,000 to 8,5uO liters. These

' A R O QOOI8



_ ' filter samples were then hand-carried to Halter C, McCrone Associates, ,
J Inc. for analyses. Upon examination, it was noted that samples obtained
1 , . at a flow rata of 3,000 liters'experienced minimal dust loading whereas •

samples obtained at flow rates exceeding 8,000 liters indicated* excessive
3' dust loading. Thus, 1t was decided that the total flow through each

i •' •

sampler would be maintained 'at 4,000 to 6,000 liters.during the primary •
•* ' : .field monitoring program.

J .B. 'PRIMARY MONITORING PROGRAM
. * ' '

3 . . . . • ' .
• To meet the objective of .̂le primary field monitoring program, five

.,, types of monitoring locations were established to meet the following crlter

"y. 1. to determine background levels
~3 2. to measure the max'imam community exposure from the Inactive
"i refuse pile ' . . ' "-.-3' ' ' '3. to measure to the degree of stabilization over the vegetative
^Jj surface of the pile - •—— ,

, 4. to measure the asbestos contribution from other sources
"** 5. to determine the contribution of asbestos from the exposed '
(pa • surface of the pile.

.As part of the monitoring Instrumeiita'tion, a wind speed and wind direc-
tion recording system was installed on top of the Inactive pile and

, mounted on a 10-foot mast, which was supported by a tripod. Data were,
collected on a continuous basis from November 1 through 18 without •
significant data loss. Descriptions of each monitoring site, site

AROOOOI9



'"' selection criteria, and potential asbestos sources are listed in Table 1.
The exact locations of the sites are shown In Figure 2.

In addition to the wind sensors Installed on top of the inactive •
pile, supplemental meteorological data were obtained from the Naval .: /
Heather Service Office at the Willow Grove Naval Air Station In Horsham,
Pennsylvania. The geographical relationship between the Ambler site and

' the ajr station 1s shown In Figure 3.' '

• C.' OPERATION Of THE FIELD MONITORING PROGRAM'

' The primary sampling program was operated from November 1 through
19, 1976. The nominal sampling period was usually from 0900 to 1500
hours EST during conditions that should have maximized the release of

'""> . . • • •^. asbestos from the pile. "'During the primary program, samples were also
obtained on a Sunday when both the Nlcolet and Certain-Teed plants were
closed. In addition; one group of samples was obtained during a 16-hour
period from 1600 hours EST on October 18 to 0900 hours EST on October 19v

The air samples were collected on 47-m11l1rneter Killlpore membrane '
filters with an 8-m1cron pore size. The filter holders were placed 1n.
downward and located approximately 5 to 6 feet above ground. Depending
on the type of sampler, the flow rate was set so that the total volume
that passed through each filter 'ranged from 4,000 to 6,000 liters.

A total of 123 samples were obtained during the entire sampling
4,

program. The filters selected for analysis consisted of 68 collected
during the primary program and 7 collected during the preliminary test

Q program. The samples were shipped to Halter C. McCrone Associates, Inc.
for analyses by optical and electron microscopy. The filters that were

. . - . . ' . AR000020
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12

~~) analyzed were selected on the- basis of the maximum exposure potential to
the local population along the northern bank of the pile. The selection ,
criteria that were used were based on the dally meteorological conditions,
I.e., relatively high wind speeds and favorable wind direction as well as
proximity to possible sources of asbestos. In addition, the. samples !
sekjted for analyses included t'/ie full representation'Of the five types
of monitoring sites. A tabulation of the filters selected for analysis
Is presented 1n Table 2.

There were two types of air samplers used during the-study; the
DC battery-operated Research Appliance Company (RAC) midget air samplers
and the AC-ppwered Unlco-Gelman air sampler. 'The wind-monitoring system
was a Hind Mark III manufactured by Cllmatronlcs Corporation. A techni- ,

-v, cal description of this monitoring equipment Is provided in Appendix A. ,
'~ Prior to field use, the wind speed and wind direction system,was '

wind-tunnel-tested and calibrated to determine accuracy, threshold, dis-
tance constant, and linearity. • To ensure)maximum data reliability and
data recovery, static zero calibrations were performed daily on the
electronics of the wind speed and wind direction processors in the field.
A combination of static span and dynamic span calibrations was also per-
formed dally on tiro electronics of the wind-direction processor. The
static span cal i oration verified the proper'operation of the electronics
only, whereas the dynamic span calibration verified the proper operation
of the entire wind direction sensor system. This was accomplished by
physically orientating the wind direction vane toward'a distant point
of known azimuth.

^ The Research Appliance Company midget air samplers and the Unlco-
Gelman air samplers were both installed and operated daily at previously
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Table 2 .
' ' »' '

Filters Analyzed to Determine Asbestos Filter Counts'

. . . . . Average
'•"• ' • '. Kind Speed Hind
Location Date ton) Direction , •
A-l 11-1 12 HH
A-3 11-3 -5 , SSV
A-4 11-4 S H ••
B-l 11-1 12 NW
C-l 11-1 12 NW

. D-l 11-1 , ,12 NW . .
. . D-2 11-2 ,6 H

E-l , 11-1 12 NW . ,
,E-2 11-2 6 H '

• E-3 11-3 5 SSH
E-4 11-4 , 5 H .
F-1 11-2 6 H
F - 2 11-3 . 5 S S H

. F-3 11-4, , , '5 H
"•« ' . F a 10-28 8 HSH

6:1 11-2 6 H
6-2 11-3 5 . SSH
6-3 11-4 5 . W
H-2 , 11-3 , 5 SSH ,
H-3 -11-4 , 5 , H ___ .

. 1-2 11-3 5 SSH
- 1-3 11-4 5 H
I J-l 11-3 5 SSH , •
d . J-2 11-4 ,5 V . ,

K-l 11-8 10 NW
1 . R-3 11-9 7 SW ,
J , K-4 11-10 11 HNH
1 A-6 IT-8 10. NH
J A - 7 11-9 , 7 S H ; . .

E-6 , 11-8 10 NW .
« E-7 11-9 7 SH
] E-8 11-10 11 UNH , ,
J F-5 11-8 10 NH

F-6 11-9 7 SH
1 F-7 11-9 11 'HNH
J 6-5 11-8 10 NH

G-6 11-9 7 SW
G-7 11-10 11 .HNH
H-5 11-8 10 NW
H-6 11-9 7 SW

i H-7 11-1° n w" ;«nnocj J-4 ii-B 10 NW AR000025
J-5 11-9 7 SW "

i, ,1.* 11 in '» •«•••

I
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3

Table 2 (Cont.)

Average
'Wind Speed Mind

Location Date (rcph) Direction
A-10 11-14* 9 HSH
A-15 11-19 4 ' HSH
A-14 11-8 11 UNH
E-13 11-19 4 HSH
MO 11-14* • ' 9 HSH
F-14 11-18 11 WNW
e-10 11-14 9 HSH
6-14 11-18* 11 HNU
6-15 11-19 4 , HSH
H-10 11-14* 9 • HSH
H-13 11-18 11 HNH

,1-13 11-18 11 ' HNH
J-9 11-14* 9 HSH
J-13 11-18 . 11 HNU
'J-14 11-19 ' 4 HSH
K-6 11-14* ' 9 HSH

. K-10 11-18 .. ,: , 11 HNH
K-ll *' 11-19 - 4 HSH
L-3 11-18 11 HNU
H-3 11-18 11 HNU
M-4 11-19 4 HSH

In addition, six filters obtained on 10-28 were
analyzed to determine the optimum dust loading
to be utilized fo? the testing phase of the program.

Sampling on Sunday; no plant operations.

o
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.
-» selected locations. The pump, flow-control valve, .and rotameter were •

placed on the ground within a protective enclosure. The filter holder ,•
'iM • ( ' ' '-.- - V • . ' ',
a ' assembly was mounted approximately 5 feet above the ground and was con-

••M ' • , , . '

nected to the pump'with, surgical tubing.
J • The RAC midget air samplers were usually operated at 15 liters per, •
3, minute for 5 hours, which yielded a total volume of about 4,500 liters

' ' . ' ' ' •'through the filter medium. The Unlco-Gelman air samplers were operated
1 at about 25 liters per minute for 4 hours, which yielded 6,000 liters.

'' ••'• Prjor to and after the use of a particular filter, rotaneter readings'
J of the Initial and final flow rate were taken. In addition, the rota-

. meters of all sampling units were calibrated with a high-accuracy wet-
gas test peter and ,a stopwatch at both the start and completion of the

. « • ' • . ' ' w ' ' " . " , . •
field monitoring program. The time fdr 30 liters of air to pass through ,,
the rotemter was recorded as was the indicated reading of the rotameter, '

*. This was performed at .three different rotameter settings to'ensure __
1 linearity, and twice at each setting to Insure reproduclbility.

•i D. DESCRIPTION OF ANALYTICAL METHODS .

,. , All filters selected for analysis were analyzed by both electron
•* and optical microscopy.
1
J 1, Optical Analyses

j Optical analyses record all fibers that are more than 0.5 micrometers
., long and that have aspect ratios greater than 3. Ho attempt 1s made to

Identify the fibers or to confirm them as asbestos.
1

' • AR000027



4 • The examination by the NIOSH optical phase-contrast method yielded
;• 4* ' . no fiber concentrations above 0.7 fibers per cubic centimeter; the levels

"1 were generally below 0.0055 fibers per cubic centirmter.
The results of the phase-contrast microscopy are presented in

,J| Appendix C, Tables C-1 through C-3. The analytical methods are detailed
3 l n Appendix B . .

• ', . •'•••' ••'•;'. '. i' •
"2; Transmission Electron Microscopy

3 •-.•..• ——————
• ' . •• • • The analyses of the filters by transmission electron microscopy

3 ' . ' . , . ' • ' . • . . . .
(TEH) report the presence of all asbestos forms regardless, of size.

,,a In addition, all fibers suspected of being asbestos are confirmed by
"; electron diffraction. Examination by TEM revealed the presence of
l̂, ,,a,chrysotHe asbestos 1n samples C-,1, F-2, F-3, and G-5. "" ' '" v

" 4 * • , . " ' • . • •
In general, the specimens contained chunky Inorganic particles,

•Ji „ small organic remains,, small Agglomerated material (exhibiting a chain- '
J like structure), and spheroidal particles (Table C-4). Tables C-4 ,'

——•
'through C-6 present the results of the electron microscopy before

]Jj corrections for Migrations'of tiie samples. The lower Unrlt of' detection
for each filter analyzed 1s also presented. The lower limit of detection

-P ' corresponds to the fiber count if one fiber of asbestos was present in
S* .the filters analyzed. In addition, for each of the four filters that

had Identifiable asbestos fibers, computer printouts of the length, width.
T|| aspect ratio, and mass of each fiber are presented, along with descriptlvi

statistical information, in Appendix C. ' '
The TEM procedure is also detailed in Appendix B.

flRO'00028



*•" • ' IV. PROGRAM RESULTSa • —~. ,
A. RESULTS OF THE NIOSH PHASE-CONTRAST METHOD

. The NIOSH sampling and analytical method used in the study was
jl originally developed to determine the exposure levels of workers Involved

• • 1n the mining, manufacturing, and handling of asbestos minerals or prod-.
-J ' jicts, It was. assumed that the total fiber concentration In the working
1 • environment was primarily composed of asbestlform fibers. At present,

/there 1s an occupational asbestos standard based on the NIOSH sampling
3 - >nd analytical procedure. This standard is an 8-hour time-weighted aver-

age of 2.fibers 'per cubic centimeter (U.S. Dept. of Labor 1972). Although
-J . this standard and the analytical technique are not directly applicable
•^ , ' ' .•V • ' -«for determining the concentration of airborne asbestos in the free atmos-

phere, filter samples can be analyzed by the NIOSH method to determine .the,
J magnitude of the fiber loading.

The results of the analysis of the filter samples that were collected
'1 ' '"—
•* during the study and analyzed by the NIOSH phase-contrast method are pre-
-1 sented 1n this section. The optical counting technique (described, In,

Appendix B) 1s not selective just for asbestlform fibers, but provides an
3 ' . '

estimate of the total particle concentration (in fibers per cubic centi-
. - meter) for all fibers longer than 5 microns.
"l
•"* The results are presented for comparative purposes only. In all,
348 of the 73 analyzed filters were obtained during a sampling period of '

, . ' '
4 to 5 hours, which is comparable to NIOSH requirements. The mean total

J fiber concentration for all samples was only 0.006 fibers per cubic
,.a centimeter for particles with an aspect ratio of 3 and a length greater

•*' ' flROQ0029



•f
.-•' , than 5 microns. The range of observed fiber concentrations varied from
I "« a peak value of 0.066 at site G, to a low value of 0.0005 fibers per cubic
1 centimeter at site D (Figure 3). These levels are extremely low as com-' .

'pared to the occupational standard; in this case, even the peak value Is
« • ' •
•] approximately two orders of magnitude less than the standard.' * , , . * , , , ( . .

] ' B. RESULTS OF THE TRANSMISSION ELECTRON MICROSCOPY
" > , , , , . , • , . . • i'. • . , •
"j , A,transmission electron microscopy (TEM) analysis was performed to

selectively determine the presence of asbestlform (chrysotile) fibers, •
J . Including fibers less than 5 microns in length. The TEM procedure, which
j 1s described In Appendix B, also provides qualitative Information on the
•' type and size of other particles present on the filters. The detailed
? • • , ' ' • ., ....results of the filter analysis performed by Halter C. McCrone Associates,

,Inc. are presented 1n Appendix C. . • • \ '
\ . In suirraary, the 'examination of all 73 filters selected for 'analysis,
« , by the TEM method revealed the presence of chrysotile asbestos particles
•* on only four of the air sampler filters. The corrected total fiber eon-
1 centration ranged from 0.017 to 0.035 fibers per cubic centimeter at •

site C and site F, respectively. Depending on the particle loading on
j ' each filter, the minimal detectable asbestos concentration determined
i . by the TEM technique varied' from 0.0010 to 0.0032 fibers per cubic centi-

meter. The chrysotile asbestos particles usually appeared as single
] . fibers, or in bundles or small groups with an unidentified binding mate-

rial, or both. In general, other materials most frequently observed in
•""•j the samples consisted of chunky Inorganic participates, small organic

HR000030
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"T•J

_ '• particles, small agglomerate material (sometimes exhibiting a chalnlike
™ structure), and spheroidal particles (possibly fly ash). The'total
1] . asbestos fiber' concentrations and other pertinent Information are pro-

vlded In Table 3. '
1 , " ' -' " .' • -..,.,'. •

C. EVALUATION OF ASBESTOS CONCENTRATION DATA . '

1 ' ''• ' ' • • • " ' • ' . - ' ' 'J . Because of the limited number of filters with detectable levels of
"] asbestos fibers, the data evaluation that was originally envisioned has
« ' ' ' • ' , ' • • ' •been modified. Specifically, it was not possible to provide or develop
"1 ' ' • , . ' ' ,J actual or projected asbestos concentration patterns in the vicinity of •
-. the inactive refuse pile based on only four measurable concentrations
•'* at only three sampling locations. Other graphical presentations, such .

1 "*as asbestos (pollutant) wind roses' and fiber concentrations as a function
' . . ' ; • i

of'distance from the pile, were also considered impractical. However,'
.1 ' ' an-'attempt was made to'review and evaluate all data obtained during the'
.1 Intensive monitoring survey and to understand the relationship between

, (1) the measured ambient asbestos levels and (2) the meteorological con-
1 ditions and existing physical condition of the Inactive refuse pile.

In addition, the asbestos levels measured during the field sampling pro-3 , ;
; gram were compared to the ambient asbestos concentrations obtained during

i

•i a previous study in the vicinity of the inactive refuse pile 1n Ambler, ' ,
Pennsylvania.

-* 1. Existing Conditions
">
O a. Meteorology

J The Intensive field monitoring survey was conducted during the first
RR00003I
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33 weeks of November 1976. November 1s-normally characterized as a transi-' , • ,
tlon period 1n eastern Pennsylvania, with relatively mild day's (afternoon

"?3j temperatures In' the mid- to upper 50s) and cool nights (temperatures Into
the low 40s).. It 1s not unusual, however, for the first Indications of

3 '
, winter to occur during this month, with raw, cold days. The average • '

,-j monthly precipitation total for November in the Philadelphia,area Is 3.3
'Inches, which Is equivalent to the annual monthly average. < -

3. ' .• > The weather patterns during November 1976 featured a strong, upper-
, ' * ' ', . ' • • .
'level northwesterly to westerly flow over the area. Although frontal

3 . . • ' • • • • . ' . •
systems traversed the area frequently, the accompanying cyclonic

n . disturbances and the major precipitation activity occurred primarily to
•"*) . 'the north or south of the region. In response to this abnormally cold,

dry, persistent airflow, the Delawai
driest Novembers 1n recent history.

An average monthly temperature
;»•' ' Philadelphia International Airport, which was 7.3" F below. normalTthe

second coldest November on record. The monthly precipitation, measured
"J at both Philadelphia and Willow Grove, established new records as the

driest November. Precipitation for the month totaled 0.32 and 6.51
J Inches 1n Philadelphia and Willow Grove, respectively. Measurable pre-
1 c1p1tat1on was observed on only 2 days during the field program, I.e.',

during the evening hours of November 3 and 5, when rainfall amounted to
£ 0.03 and 0.07 Inches, respectively. • " . '
„,, The prevailing surface wind direction that was measured on top of
*^ the inactive refuse pile throughout the monitoring program was primarily
3 from the western quadrant. The frequency of occurrence of westerly winds

L* ' flR000033

'!" • ' dry, persistent airflow, the Delaware Valley experienced one of the coldest

i> An average monthly temperature of 39.9° F was observed at the



. observed at the monitoring site 1s quite evident and is illustrated by.
"1 • • '
•*i . the wind polygon In Figure 4.. The degree of correspondence between the, •
;'j , wind directions, recorded at the Ambler and Willow Grove locations suggests

that the general exposure of the sites and local micrometeorological con-
J , dltions experienced at each site are comparable.- ... •
... ' Average wind speeds measured during the nominal sampling periods
-* '(0900 to 1500) varied from about 4 to 12 miles per hour. At night, winds
"j were generally light, with ah average speed of less than 3 miles per hour.

Y • ,b. State of the Inactive Refuse Pile ' . .

^. . To assess the condition of the exposed surface area of the pile,
I ' ' ' ' •":_ Visual and tactual observations were made dally at the monitoring sites
. ) , • « • • ' » '".'',.' ' ' • ,
| • adjacent to the pile. These qualitative observations were necessary to .

determine If the exposed areas of the pile were an active or passive
j emission source. ' ' , • ' '
•, , Although unseasonably cool, dry weather conditions prevailed

throughout most of the monitoring program, significant precipitation
1 occurred on October 30 and 31. During these 2 days, 0.63 inches

. of rain were recorded at the Hi How Grove Naval Air Station. As a result,
J the exposed surface areas of the pile were very moist, with standing
1 pools of water present at the base of the pile.

Because of the subsequent precipitation on November 3 and 5, accom-
J panied by relatively cool temperatures, the pile remained in a moist

condition during the first 5 days of the sampling program. The lack of
O measurable precipitation, combined with the relatively high wind speeds
I after November 5, contributed to conditions that enhanced the evaporative

• AROQ003IT
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• Ambler, Pennsylvania (inactive pil«,meteorolosiciliit»)
• , . ' ' , .

Willow Grov» Naval Air Station, Honham, Pwniylvania

Flgurt 4. Wind frequency diagram (in percent).
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processes and reduced the moisture content of the surface layer of the
' pile. •

Within a few day's, the surface layer of the exposed slopes appeared
relatively dry to a depth of 1 to 2 centimeters, but a thin, cracked
crust had formed and covered the entire exposed surface area. However,
the presence of moisture was still evident, especially on days with
subfreezing temperatures. On these days, portions of the surface layer
and subsurface were frozen, which caused the material within the surface
layer to adhere to 1ce crystals. The diurnal freezing and melting of
the Ice during the day caused the surface layer to expand and contract,
which created the thin crust over most of the exposed surface. On

0' visual .inspections of the pile, .Individual chrysotile fibers were.
readily evident on portions of the exposed surface. Throughout the
entire monitoring program, however, no visible emissions In the form of

it •
I dust clouds were observed above the surface. '

2. Analysis of Asbestos Concentration Data

In general, the meteorological conditions that were encountered •
.during the asbestos sampling program should have maximized or enhanced
the release of material front the exposed surfaces of the Inactive pile.

. Specifically, these conditions were

1. absence of measurable precipitation during the monitoring program
2. favorable prevailing wind direction (the windflow at oblique'

angles or nearly parallel to the orientation of the northern bank)
3. relatively high wind speeds during the sampling periods.

• • i
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With these conditions present, detectable asbestos fiber concentra-

tions were determined on only 4 of the 73 analyzed filters. These .ambient
asbestos levels were .measured at three different monitoring sites in the
vicinity of the pile. These sites, sampling periods, and the corresponding
meteorological conditions are listed in table 4. The actual monitoring
locations and plant emission points are Identified In Figure 5.

Nine of the sampling locations were specifically designed to measure
the asbestos contribution from the inactive pile. However,'detectable
asbestos concentrations were obtained at only one site, site C. It Is
interesting that the measurable asbestos concentration obtained at site
C occurred the day after a heavy rainfall. Apparently, the primary

-•-, factor contributing to the measurable asbestos level at site C was the
relatively high wind speeds. One of the highest average dally wind
speeds (7.5 miles per hour) was. recorded on November 1, 1976. Although :
comparable meteorological conditions (but with slightly lower wind speeds)
were observed on at least two subsequent sampling days, no detectable ...—
asbestos levels were measured.

The detectable asbestos concentrations obtained at site F on November •
3 and 4 appear to be related to nearby plant Mission sources. Because
of the relatively low average wind speeds (less than 4 miles per hour)
and a windflow generally from the south to southwest that persisted
throughout November 3 and 4, any asbestos released at the plant site would
have been poorly dispersed and slowly transported to the monitoring loca-
tion (Figure 5). It 1s doubtful that the ambient asbestos levels observed
at site F were associated with fugitive asbestos emissions from the
inactive pile.
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/->. . It 1s difficult to determine the asbestos source that contributed
""' to detectable asbestos concentrations at site G on November 8. Based on

the observed meteorological conditions, It appears that the measured
asbestos level at site G may represent a portion of the,total asbestos
burden released from Inactive and active piles as well as from the various
plant emission sources. Upon review of the data, it was found that,

1 > * ' • i ,l •

except for lower ambient temperatures, the meteorological conditions
observed on November 8 were quite similar to the conditions observed on
November 1. However, no measurable asbestos levels were determined at
any of the monitoring, locations that are In close proximity to the exposed
northern bank of the Inactive pile. , •.

D. CONCLUSIONS AND RECOMMENDATIONS, . ' .

^ . -sMost of the samplesticollacted did not have detectable levels of
asbestos; therefore, it was Impossible to document or test the statis-
tical extent of the community exposure to asbestos that originates from
the Inactive pile. Detectable asbestos levels were only observed at one_.
location adjacent to the Inactive pile and the local community. Approxi-
mately half of the 73 analyzed filters were collected at monitoring sites
at or near the playground and near various residential dwellings along
Locust Street. The lack of measurable asbestos levels in the vicinity
of the pile may Indicate that the pile Is sufficiently stabilized so
that fugitive emissions are negligible or infrequent.

The magnitude and extent of ambient asbestos concentrations measured
during the November 1976 monitoring program are comparable to ambient

, asbestos levels determined by the U.S. Environmental Protection Agency
at the Ambler location during October 1973. The results of the previous

flROOOOlj'O
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• •v- ' study (EPA 1974) and the latest sampling results are summarized in
J Tables. The ambient asbestos, levels are presented in terms of an •

average weight concentration (nanograms per cubic meter). The monitoring'
'I ' - • • ' . ' ' ' • ' •J 'locations where the, EPA samples were collected wore similar to the EEH
'1 • ' ' monitoring sites. Although the EPA's sampling duration (sampling time
j for each filter) was greater than EEH's, the average asbestos concentra- •
J ticns 'obtained by the EPA at the three monitoring sites were' similar to
i '

L EEH's results. The asbestos concentrations observed by the EPA at site G
-* . . were directly attributable to asbestos emissions associated with a d1s- .
* . •1 , posal operation at the active pile site. This asbestos-disposal procedure-
i was terminated 1n 1974..
'1 ' • '} The Implication of the results of the previous study, together with

' '"" ' the most recent sampling data,. suggests that fugitive asbestos emissions
' SI1' *•' •* • >

from the exposed surfaces of the inactive pile are insignificant and
'""I Infrequent. Furthermore, the results Indicate that measurable asbestos
• levels in the vicinity of the inactive pile, 1n some cases, may bejnde-
j pendent of the condition of the pile. For example, detectable levels were
•«* observed when the exposed surface of the pile was moist. Detectable levels

were only observed at sampling locations adjacent to the active and inactiv
j ' piles in combination with average daily wind speeds in excess of 7.5 miles

per hour and with a wind direction from the northwest. At relatively low
J wind speeds and with a persistent southerly flow, the periodic releases
is of asbestos from the plant facilities can reach detectable levels.
, One final point should be addressed. Although the evidence indicates
-I that fugitive asbestos emissions from the pile and the resulting ambient
r
3
i • AROOOOM
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r' , • ' Table 5
J . .

Sumnary of Ambient Asbestos Concentrations
••""jj Measured In Ambler. Pennsylvania" '
"••
! ' ' •
3' ' , A. EEH MONITORING PERIOD, NOVEMBER 1 TO 19, 1176

'. • ' • - • •-< • . •
1, , Nominal • Average Asbestos
M Sampling No. Concentration

Site Time (hours) Samples (nanograms/cubic meter),.j

J C '5 1 • <1
. • ' F ' ' . . 4. '• 2 36

J . G 4 1 , 2
3 ,

.B. EPA MONITORING PERIOD, OCTOBER 15 TO 18, 1973

. .
• ' Nominal -.• ,' Average Asbestos

, '. Sampling No. Concentration
Site Time (hours) Samples (nanograms/cubic meter)

3 , C(8)(a) 12 ' 2 • 10
W F(9) 12 .3 21
r 6(7). 12 1 >1,200

' ' '
•1 , a. Numbers in parentheses are EPA site Identification numbers.

3 • • - '
3 • • • . ' , ,
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,.-' '• concentrations are extremely low, wind conditions and the lack of signl-
•• ficant precipitation existed during the monitoring program that should
•*l have maximized the asbestos contribution from the Inactive pile. However,

it 1s possible that the below-freezing temperatures that occurred on all
J but four of the sampling days (Novetiber 1, 4, 5, 7) may have caused a ,
L > • reduction In the emissions of the pile. Only 2 of the 73 samples analyzed
.,-1 had measurable asbestos levels that may have originated from the pile.
''1 Detectable asbestos level's were determined on filters collected on the '
j .day that, or the day after, above-freezing temperatures were observed.
iJ • 'Based on the results of the study, EEH recommends that a follow-up
L monitoring study should be conducted this. sunner.(June, July, «r August
,' 1977). Sampling should be performed at the monitoring sites adjacent to .
'Y <sthe pile for 2 to 3'days. "The •primary purpose of this monitoring effort

would be to verify that the results obtained by the EEH field program are
•a •• '•
J . Indeed the maximum emissions; emanating from the pile.

3
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*J . APPENDIX A

3 . '
DESCRIPTION OF INSTRUMENTATION

3 . 1 . TEST EQUIPMENT•

~>\ The two types of air samplers that were used, are.,a Unlco-Gelman air-
lejt .
j . sampling kit and a midget air sampler manufactured by Research Appliance'
3 - .

Company (RAC). Each unit Is equipped with a valve that enables the user
•U .; to vary the sampling flow rate. The flew rate is read directly by a
4 rotameter that is integral with the units.
L • • • • - . ""1 • The Unlco-Gelman unit has a free-air capacity of 2.4 cubic feet per
i minute (68 .liters per minute) and Is operated by a 115-volt, 60 Hz power
1 ' ,

supply. The RAC unit has a free-air capacity of 19 liters per minute
-i '-sand Is operated by-a 12-volt automotive battery.j'<•• . • .
L 2. HIND SPEED AND DIRECTION SYSTEM-CLIMATRONICS WIND MARK III
J " • . • . '
>' The wind-speed sensor, a stainless-steel, three-cup anemometerr~
f generates an electrical signal by a phptochopper that uses a solid-
i ' ' '
1 state light source for maximum reliability. The wind-direction sensor

Is a counterbalanced vane that is coupled to a precision potentiometer.
j Both wind-speed and wind-direction transmitters use stainless-steel,
li precision ball bearings for'maximum life and low .threshold.
1
•* Hind speed and wind direction are recorded on a dual-channel
v

1 recorder'with a recording width of 2.3125 inches per channel. The
•: recorder can be operated in the tear-off mode or in the reroll mode.

i.

. AR000045



The system is operated by, a battery power supply. Technical specifications
for the Hind Mark III system follow. " . •;(, t •

3 Hind Hark III Specifications - .'
: ' ' , ———fi————————————————'——— /'

^_ Hind Speed . , , , ....

* Accuracy Sensor: ±0.25 mph or 1..5 percent . •
} . • ' . > System: ±0.5 mph or 2 percent • '•
J Range '• 0-50 and 0-100 mph
* •' ' *
S Distance constant 8 feet maximum
• , , .Threshold. ' \ '• 0.75'mph
1 Hind Direction
f Accuracy ' Sensor: ±5*
1 • • ' . ' . _ • System: 4 2

Range • , 0 -360° mechanical; 0* to 540 electrical
°j - ' , , ' . . ' • •Y • • "*• Distance constant , - '8 feet maximum
-j ' Damping ratio • 0.4-0.6
; ' ' Threshold . . 0.75 mph

*i
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APPENDIX B

t ( /

DESCRIPTION OF ANALYTICAL PROCi-DURES
. FOR PERFORMING FIBErROHNTS1

1. OPTICAL MICROSCOPY , , •
' . » , . .

The concentration of fibers longer than 5 micrometers was determined
by the use of a phase-contrast Illumination microscope, as recommended

by NIOSH. . ' . ' . ' • .
, The mounting medium used was prepared by dissolving 0.05 grams of

membrane filter per'milllHter of 1:1 solution of dimethyl phthalate and
dlethyl oxalat'e. A drop of mounting solution was placed on a clean micro-
scope slide. A quadrant was cut from the filter and placed, exposed sur-

. face-rupward, on the drop̂ of mounting,, solution by touching one corner
down onto the slide and then allowing the drop to spread evenly under
the filter as the filter was lowered on the slide. The preparation was
then covered with a microscope cover glass. After approximately 10 to.__
15 minutes, the filter was completely cleared and was ready for
examination. • . '

The prepared filters were examined with a Cooke Troughton and Simms
phase-contrast microscope using a 4-millimeter objective lens and 10X
oculars in a binocular head, giving an overall magnification of approxi-
mately 400X. A graticule in one of the eyepieces permits calibration of
particle sizes. All particulates having an aspect ratio greater than 3
to 1 and a length in excess of 5-micrometers were counted as fibers.

,_J Counting was continued until at least 100 fibers had been counted, but
always with a minimum of 20 fields examined.

AROOOOlt?



0 Calculation of the fiber concentration was based on the following
I formula: "

' where f • fibers per mUlliiter
, • ' * • • , I '

j . . A • area of filter
. . . k • number of fields examined

| '. .a "area of field of view (in the same units as A)
. H»number of fibers counted .
* , V • volume of air sampled (millinters).

1 It should be noted that no attempt was made to Identify the fibers counted.
•""•). Table B-l 1s, a tabulation of the results obtained by the optical micro- .

scopy.

2. ELECTRON MICROSCOPY . .
i ' . . ,
' The samples were collected on numbrane filters with a pore size of
'j 0.8 micrometers. A section of the filter, approximately 4 millimeters

in diameter, was placed facedown on a carbon-coated electron microscope
j • grid. The membrane filter was dissolved, using acetone in a soxhlet
r extractor.

HcCrone Associates has shown that there 1s very little risk of
1 contamination In transferring the filter in the electron microscope grid
i to the soxhlet extractor. Furthermore, by dissolving the filter in situ
I, on the grid, the risk of losing portions of the sample is minimal. Tech-
1 niques involving transfer of a liquid suspension directly to the electron

1 • AROOOIU8
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{;)' microscope grid are. more subject to error since there is frequently a
1 -• • size separation as the meniscus of the drying drop recedes.
1 ' The sample grids were examined on the electron microscope (JEM 200), <
* using a magnification in which the Intermediate lens aperture was In focus
1 „• in the specimen plane. It was thus possible, by inserting, the aperture
j and switching to the diffraction position, to obtain a' Selected area elec-''
]. . tron diffraction (SAED) pattern of the fiber with no other adjustments to.
;, the microscope. In this way, it was possible to spot-check the diffrac-
/ tlon pattern of individual fibers very rapidly.
1 . The electron microscopy was done at a relatively low power, 2,OOOX,
/ , , with an optical aid of 1.5X optical magnifier (total magnification:
i , 3,OOOX) or a 10X binocular dissection microscope (total magnification:
i-> 2,000)t). Chrysotile asbestos fibers were resolved by the JEM electron

.<,J. "•*• ' • si ; . ' • • " «
1 microscope at 2,OOOX magnification and were visible on the screen with .
| the aid of 1.5X or 10X optical magnification. For positive Identification,
;. , 20.000X magnification was used for the morphology and electron diffraction
; of the fibers. • If there was any doubt regarding the presence of fibrils, a
| field was scanned at 20.000X magnification with additional optical magni-,
• . ficatlon of 10X (total: 2.000X) or 1.5X (total: 30.000X). The advantage

.of counting using the microscope viewing screen at a lower magnification
1s the greater field size; hence, a greater total area can be counted
conveniently, giving a greater degree of statistical confidence.

The length and width of each.asbestos fiber were recorded. Inter-
polation from Intervals scribed on the screen allows -an accuracy of mea-
surement on the screen of approximately ±0.05 centimeters. This corres-
ponds to an accuracy in size nsas'jrament of about 0.02 to 0.03 micrometers.



*•

"O Measurements of the Individual fibers are computer-processed to give
listings of the length and width, of the fibers, together with a computed

1 mass of each fiber computed on the basis of density, D, and dimensions,
L and H (D X L x W2). A density of 2.3 was used for chrysotile/ ,

J : • A computer printout of thu following Information 1s presented for
i each filter that contained chrysotile asbestos. • > - . ' •

. ' • 1. calculated number of fibers per unit volume
J 2. calculated mass of fibers per unit volume
3. • ' • 3>.. the size 'distribution of the fibers based on length and '

• ' . . ( . , ' • ' ,

width, and the distribution of fibers by aspect ratio.j • / . : . •.. .. •. • .
0' , •'•*• ' ' ' • * .''••" '•' • ' . ' ' -
']•;.;•:' " ' . "•' •• ' '
' ' . * • • i

1' , • ' .- " . _
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t Table M

; P) Results of NIOSH Phase-Contrast Examination

Sample Fibers/Cubic Centimeter

A-1 . 0.0012
A-3 0.0021
A-4 0.0017

,.' - B-1 0.0011
C-l '0.0023
D-l • 0.0005
D - 2 ' . • • • • • 0.0005

' '/.' • E-1 . , 0.0011 ,
. E-2 • • 0.0009

E-3 ' . 0.0021 '
I O. :. .... • E-4. • . » '• • ̂0*0015

F-1 . 0.0008
F-2 • 0.0020
F-3 0.0010

-,,6-1 ' 0.0005
6-2 0.0656
6-3 0.0053
H-2 , • 0.0029
H-3 0.0021
1-2 0.0046

1-3 • 0.0019
J-l 0.0011

Q J-2 ' 0.0013
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Illlp'
,, • •• , Table C-2 •

Results of NIOSH Phase-Contrast Examination

Sample Fibers/Cubic Centimeter

A-10 '< 0.0022
A-14 .0.0751
A-.15 0.0236

E-15 ' 0.0270.
. F-10 ' 0.0019

F-14 0.0339
' . • F-15 '. 0.0230

] ' . 6-10 0.0013

' 6-14 . 0.0202
1 6-15 ' 0.0191

t~). - • « . . ' H'10 a. ' '." .' °'m®

, H-14 0.0369
j 1-9 • 0.0026

1-13 ' • 0.0444 .
> , J-9 0.0012
j J-14 0.0395

J-14 0.0254
j ' K-6 0.0008

K-ll 0.0397

K-ll 0.0285

j , 1-4 . 0.0632

i ' ' H-3 0.0658
L H-4 0.0421
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Table C-3 , •
f . ,
:*J <•• Results of NIOSH Phase-Contrast Examination

3 ' " ' 'I _ . Sample Fibers/Cubic Centimeter
"| A-6 -' 0.0025'

f . A-7 , 0.0026
' T I -

E'S 0.0030 ' "' • •

E-7 '.. 0.0028

. ' E-8 0.0020

} F-5 • ; ' 0.0055 .

•V '• • F-6 ' 0.0029
'» " F-7 0.0071
•i . 6-5 0.0012

, 6 - 6 . . . 0.0017

J' . "*'. 6-7 S' 0.0026
H-5 0.0664

•* H-6 ' " , 0.0019
1 H-7 0.0023

1-5 . - 0.0017
] 1-6 . 0.0112

i , J-4 0.0030

' J-5 ' 0.0023
] J-6 0.0279

K-l , 0.0259

O " '1
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b ' .' '•• :
j Table C-4"

] ' . ' Results af Analysis by Transmission Electron Microscopy of Group I

, ' Loner Limitof Detection Asbestos. Level Detected
(fibers/cubic centimeter) (f1her»/euh1e centimeter) ' '•' Cements

fr-

V, 0 0029 BDL»B) Hainly organic renains with m] fr' ' , Inorganic particles present.
|. . . '. - asbestifora naterlal detected.
, ' A-3 0.0032 BDL Varying snail bits and pieces*? • , , • organic material.are present.
J . . ' ' . ' . • Chunky Inorganics range to us*

• ' • . '•' • , . • ate sizes. Agglomerated .mnpl. , ' . •'." , Mtarlal occurs in large, sizes
1 • < . . ' Some filmy residues notud. l.'o
1 ' ' .. ' . ' -asbestlfornnaterlal detected.
• jui ' • • 0.0029 ' BDL Little materiel of «ny signlflM v'wa • eance present. Very small chu
* . ' fnorganlcs, organic mains, £
-"^ • • ' . some large chunky 1norg:n1c p:
r , , • , . ' tides make u p this sicple. . ' i

' ••= . ' - B • • . isbestlfona naterlal detected.
w . Otfl029 BDL Chunky Inorganic material isafe•i w ' UtMU" up most of this sample and

I • ranges to very large sizes.
1 • , • ' Small organic renains are pres

ent, Ho asbestlforajaterlal
'j • • ' ' detected.

C-1 0.0027 0.016̂ ,b' Inorjinlc particles of a gmer1 ' . • illy chunky nature ere present
1 • ranging to large s.lzes. • Sow
j . ' agglomerated Inorganics art pr

ent. Host of the smaller
naterlal consists of organic

I . remains. Occasional chrysotH
J . , fibers noted.
'•» 0-1 0.0013 BDL Organic particles of varying
| types are present as are chunk
<* • Inorganic particles ranging to
j sizes of 2 micrometers with on
J a small proportion being large

, No asbestlforn. material detect.-\ . . „
7 "' ,____
.') a. Bill • Below detection limits.
V b. Chrysotile.

flROOOOSS
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Table C-4 (Cont.) . -

Lower Limit
of Detection Asbestos Level Detected ;

Sample, jflbers/euble centimeter) (fibers/cubic .centimeter) Caimients
B-2 ' 0.0012 BDL • Small to rodtrately large chunky

Inorganics. »rae fine agglomer- •
ated material, and' snail organic
remains are present In this

•. '• . specimen. No asbestlform
material detected.

E-1 0.0014 ' • BDL • Chunky Inorganic naterlal Is •
. • ' ,. quits common and ranges to quite

large sizes. A fine agglcner-i
, ' . ited material 1s present 1n addi-

tion to much small Inorganic
- ' . . mtter. Ho asbestlfona material

detected.
E-2 0.0016 . BDL Small chunky inorganic material,

~> . . fine agglomerated particles,
-~- • . _ • . ' , r. • ' • . ' • • • organic renains, and soi» quite

large, chunky Inorganic ratsrlal
„ art present in this specimen. '

v Ho asbestlforn materiel detected.
E-3 0.0025 . BDL ' i Chunky Inorganic raterlel Is '

•I present, ranging from sutnlcron- .
, , ' , iter to large multlnlcrorcote'F' sizes. Varying .types of org:n1c, remains an present. Sore

agglomeration of simple caterial
noted:, Ro asbestlforn material

' ' detected.
E-4 ' 0.0017 BDL Small chunky particles,' fine

chalnlike agglomerates, s*all
organic remains, socs organic

. fibers, and large chlpHke or
chunky inorganic particles con-
stitute this sample. No asbestl-
form material detected. Occa-
sional spheroidal particles noted .

F-l 0.0010 BDL Organic remains are present In
the smaller size ranges. Scire
fine agglomerated material 1s to

. be noted as well as occasional
spheroidal particles. Inorganics

j present are generally chunky 1n
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Tabli C-4 (Cont.)

Lower Limitof Detection Asbestos Level Detected
Staple ffIheit/eubTe centimeter) (fibers/cubic centiliter) Contents
M ' • nature and range from very sis
(Cont.) ' subnricrpmeter sizes to thelargest* particles present. He

' . ' asbestlform material detected.
' F-2 0.0031 0.069''' Various types of organic re-3 - • . . ' wins a n d chunky. Inorganics a t

present, ranging to roderate
. , • ' . •'- , sizes. Chrysotile'1s present

1n bundles or small groups of
] • • • fibers, which show a binding
J ' . ' material. Counting the wall

groups is soettlnes difficult
• . due to the binding median. Sc

1 ' . • very large Inorganic partlcuU
,J , , arc present.
•-, ' F-3 ,0.0018 . 0.023̂ ' Snail to quite large chunky 1n, J, . •« • , » • - • organics of varying tyae, nal
>f . , organic remains, some agglomer

> . ates, occasional spheroidal ;:
J tides, and cfcrysotlle fibers

art present.
; • 6-1 0.0011 - . . BDL Chunky Inorganics pf_yary1ng
3 size, fine agglomerated materl

various types of organic renal
and some spheroidal material a.
present In this sample. No
asbestlforn material detected.

C-2 0.0021 BDL . Small to quite large chunky or
chipllke Inorganic particle:,
spheroidal particles, agglomer-
ated material, organic regains
and organic fibers are present
No asbestlfona caterlal detecti

G-3 0.0017 BDL Small to quite large Inorganic
particles of a generally chunk-.

. • nature, organic remains, organ-
fibers, some agglomerated fin;
material and occasions! sphere-

' • dal inorganic particles are
present. No isbestlform mater-
detected.

AR000057
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C-8

Table C-4 (Cent.)

Lower Limitof Detection Asbestos Lnvel Detected
Simple {fibers/cubic centimeter) (fibers/cubic centimeter) Comments

H»2 0.0032 ' BDL Chunky material to large sizes,,
fine chalnllke agglomerates,

. • . organic remains, and some
spheroidal portlcles are noted.
No asbestlform material •
detected.

H-3 0.0028 BDL Small to quite large chunky
, ' , . partlculates, frail organic

• ' , ' .— . remains, and some organic
fibers are present. Dlstrlbu-

• tlon of naterlal 1s soirewhat
uneven, (to asbestlform
naterlal detected.

1-2 0.0032 . . BDL Small to very large chunky 1n-
,._ ' . organic materiel Is the dgnl-

• j , .;-.''• rant feature of this spiclnen.
"-^ ' •=•• ' "*' • • ' Some ehlpHke Inorganics, small

organic regains, and Urge
organic fibers are also present.
No asbestiforn material

> . , . detected.
1-3 > 0.0027 BDL . Small to very large Inorgenlq.

. , -' . particles with morphologies
, ranging from chunky to agglom-

erate types are the najor
components of this sample'.
Some organic remains, large •

' organic fibers, and Infreauent
large nonaibestos Inorganic
fibers are also present. ;;o
asbestlform material detected.

M 0.0018 BDL Small to large sizes of Inor-
ganic: of a generally chunky
nature predominate. Small or-
ganic remains and small to
moderately sized agglomerated
naterlal are present. No
asbestlform material detected.

J'2 0.0014 BDL Small to quite large chunky
Inorganic material, a fine
agglomerate material, some

I . spheroidal material, and small
organic remains arc present.
No asbestlform material
detected.
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Table C-5
- . < . * .

Results of Analysis by Transmission Electron Microscopy
1 " of Group II

Lower Limit of. Detection Asbestos Level Detected
Sample (fibers/cubic centimeter) . (fibers/cubic centimeter)
A-6 •'..'- 0.0027 , . BDLW
A-7 0.0029 • BDL ,
E-6 0.0016 • • BDL
E-7 • . 0.0018 BDL
E-8 , 0.0017 . BDL
F-5 0.0017 ' BDL
F-6 0.0018 BDL

, .*6-5 S1 0.0017 -
G-6 0.0018 BDL
6-7 • ' 0.0017 . BDL
H-5 0.0024 ED1-
H-6 ,'0.0028 BDL
H-7 0.0029 ' BDL
1-5 • 0.0026 BDL
1-6 0.0028 BDL
J-4 , 0.0016 , BDL
J-5 0.0018 BPL
J-6 0.0016 BDL
K-l 0.0018 BDL

a. BDL • Below detection limits.
b. Chrysotile.

AR000059



r
3
3
1

«
1

1
Ifc

9

Table C-6

Results of Analysis'by Transmission Electron Microscopy
of Group III - . :.i .

Lower Limit of Detection Asbestos Level Detected
'Sample (fibers/cubic centimeter) (fibers/cubic centimeter)

,A-10 , 0.0031 - BB.W'
A-14 . 0.0024 , BDL
A-15 0.0023 BDL
E-15 0.0012 - BDL
F-10 . 0.0016 BDL
F-14 ' 0.0017 BDL
F-15 0.0012 BDL
G-10 0.0016 BDL
6-14 . 0.0016 BDL

c 6-15 • » 0.0011 - .. BDL
H-10 0.0029 BW.
H-14 0.0019 BDL
1-9 -0.0031 BDL
1-13 0.0025 BDL
J-9 0.0015 BDL
J-14 ' - 0.0012 - BDL
J-14 ' • 0.0017, BDL
K-6 0.0016 BDL
Ml 0.0015 5S!1
Ml 0.0012 , BDL
L-4. 0.0026 BDL
H-3 0.0022 BDL
H-4 0.0023 BDL

a. BDL • Below detection limits.
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SAMPLE iGS 11/8/76 (CHRYSOTILE)

FIBER CONCENTRATION BY NUMBER PER CUBIC METER • Q.2SE-KJ5
FIBER CONCENTRATION BY flASS, PER CUBIC'METER i , 0.002 GRANS*10+-6
AIR VOL. . 6696.0 LITEKS .- •
GRID SQUARES COUNTED i 60

DESCRIPTIVE STATISTICS

NO. OBS. • 15

VARIABLE • MEAN 'VARIANCE STANDARD . STANDS
. • ,. , •'. - DEVIATION ERROR

1 LEIIGTH 0.18129E+01 ' 0.12956E+02 8.35995E-HU 0.92939E
2 WIDTH 0.72333E-01 0. 18026E-02 0.42457E-01 0.10962E
3 ASPECT.RAT 10 0.'19769E+02 0.51965E+03 0.22796E+02 O.S3859C
4 HASS . 0.70093E-01 0.49166E-01 0.22173E+00 . 0.57251 £

SKEUNESS KURTOSIS MflX HIH RANGE

1, _B.2Se21E+01 e.?3829E+ei 0.1432'1E+Q2 0.24210E+00 0.14282E+02
2 "0.77094E+80 -0.8S125E+00 "0.16140E+08 0.23200E-3I 0.13320E+00
3 e.20071E+01 0.32282c-t-01 8.90000E+02 0.4333SE+01 0.85667E+32
4 0.31113E+01 B.32367Et01 0.37000E+00 0.4POOOE-03 0.85960E+00'

•8ANP.LE .GSlI/tV76. <CHRYSOTILE)
1 • . '

LENGTH WIDTH ASPECT ' HASS
RATIO

1 2.1383 0.0605 35.3333 0.0180
2 0.4033 0.0403 10.0000 6.0015
'3 14.5243 0.1614 90.0000 0.8700
4 0.4841 0.0282 17.1429 0.0009
5 1.0490 0.1009 10.4000 0.0245
6 • 0.5243 0.1210 4.3333 0.0177
7 0.2421 0.0282 8.5714 0.0004
8 2.9049 0.0605 48.0000 0.0245
9 0.6453 . 0.0605 10.6667 ' 0.0054
10 0.6359 0.0403 17.0000 0/0026
11 0.2824 0.0403' 7.0000 0.0011
12 8.3631 0.0605 6.0000 0.0031

a 13 0.8876 0.1412 6.2857 0.0407
14 1.6945 0.1009 16.8000 0.0396
15 0.3631- 0.0403 9.0000 flRQQ 006 10.0014



SIMPLE ,F2 - . (CHRYSOTILE)

FICER CONCENTRATION CY NUMBER PER CUBIC METER , , 0.'e9E+05
FIBER CONCENTRATION OY MASS, PER CUBIC METER i 0.072 GRAHS>XlOt-6
AIR VOL. i 52.1.0 LITERS
GRID SQUARES COUNTED , .40

-| . • DESCRIPTIVE STATISTICS

T • NO. DBS. • '22
f, • • ' • . ' ,
v3! ' ' '
3* VARIABLE HEAN VARIANCE • STANDARD STANDA?
1 ' ' • DEVIATION ERROR
1 ' .
•:.J 1 LEIIGTH 0.32258E+01 0.18092E+02 0.42333E-KJ1 0.?0635C
': 2 OIDTH 8.20998E*80 0 4200QE-01 0.20494E+00 ' 0.43693H
'•T 3 ASPECT RATIO 0.19131E+02 0.4i£97E-c03 0.20366E+02 0.43847E
.j 4 MASS , 0.10428E+01 - .0.10239E+02 Q.32076E+31 0.68387E

J
'""""N'•*>•
3
3
3
3

3

SKEUIIESS KURTOSIS MAX MIN RANGE

1 0.3Q540E+01 0.963525+91 0,20576E+02 0. SS488E*09 0.20011E+02
2 0.26595E+Q1 0.7630<5E+Ol ' 0.10036E+01 e.40^0GE-31 0.96830E+00
3 0.19561E+01 0.30425E+01 C. 85000E+02 0.41667E+81 0.2C03oE->C2
<l 3.38166E-»-01 0.13798E*02 p. 15105E+02 0.21000E-02 0.15102E+C2
-,* ' S1- •'

SAMPLE iF2 (CHRYSOTILE) '' ''

LENGTH . UIDTH ASPECT - MASS
RATIO "77""

1 6.4553 1.0086 6.4000 IS. 1046
8 0.7262 0.1210 6.0000 0'.0245
3 1.5717 0.1614 8.SOOO 0.0822
4 • 2.6224 .0.1210 21.6627 0.0834
9 0.6455 0.1009 6.4000 0.0131
6 1.0006 .0.2421 4.1667 0.1359.
7 3.2276 0.4035 8.0000 1.2084
8 2.1303 0.0605 35.3333 , 0.0130
9 1.0490 0.0307 13.0000 6.0157
J0 4.7603 0.2421 19.6667 O.C416
11 2.G224 0.0403 65.0000 0 0093
12 6.4553 0.1611 ' 40.6000 0.3367
13 3.5100 6.4039 8.7000 ' 1 3141
j4 0.6453 0.1210 5.3333 0.0318
J5 1.2104 0.2824 4.2857 ' 0.2220
16 0.56-13 0.0403 14.0000 8 0021
17 20.0761 0.2421 '85.0000 2.7732
| }•«« 0.1210 11.6667 0.0476
i; 1.8962 0.1412 13.4286 0.0870'
21 ?'?!« 8>IGU 19-0000 Bonnrmco0-'"?
;i »'»W 0.1210 9.3«33 flR000062 0.0381
22 3.8732 0.2421 ifi nnn» • -•



SOMPLE ,F3CEH<INC (CHRYSOTILE)

>r\
~J F,CPp PO,,rEI|TpftTION BY NUMBER. PER CUBIC METER , 0.23E+05

CO'lCEIiTKftTION BY MASS, PER CUBIC METER , 0.000 GRAMS* lQt-,-6
' ' '

I
I •

lP VOL.i S120- LITERS
lD 4MMPES COUNTED , 60

'
DESCRIPTIVE STATISTICS

HO. OBS. « 13 '

VfiP'lrtBLE • MEAN VARIANCE STANDARD ' STANSrtRD
v"RII*LBi . . DEVIATION '

i icuQTH 0.\3635E+01 ' 0.60032E+01 0.24S12E'-01 0, 67933E+0C
2 WIDTH . ' 0. 44354E-01 • 0.33669E-03 0. 13349E-0.1 . 9. 50392E-02
3 fiSFRCT RATIO 0.23527E+02 0. 84632E+03 8.29Q92E+02 0. 80696E+0 1

, 0. 14677E-01 0. 14274E-02 0.37781E-01- 0.104795-61

SKEUNESS KURTOSIS !' ' MAX HIM RANGE

1 0.25474E+01, 0,53790E+01 0.92794E+01 0.16140E+00 0.91130E+0.1
2 OwnH959C'+od -0.12130E+S1 ' 0.80700E-01 0/2020CE-01 0.60500E-01
3 0.23311E.+01 0.45584E+01 0.11500E+03 0.50QOOE+81 0.1103eE-:-03.
4 Q.27033E+OI 0.6030SE+01 0.13900E+Q3 0.20000E-03 0.13880E+00

SAMPLE iF3 EEH, INC (CHRYSOTILE)

LENGTH WIDTH ASPECT ' MASS
RATIO

i 'I 9.2794 0.0807 115.0900 0.1390'
: t 0.6052 0.0605 10.0000 '0.0051
j 3 0.3631 0.0282 12.3371 0.0007

4 2.2593 0.0605 37.3333 0.0190
5 0.8473 0.0232 30.9000 0.0016

! 6 0.2421 0.0232 8.5714 0.0004
i 7 0.2017 0.0403 5,0900 0.0000

8 0.1614 0.0202 8.0000 ' 0.0002
? ?> 0.6359 0.0403 17.0000 0, OG?6
; 10 1.9735 0.0605 26.0000 0.0133
•"•"•< H 0,6435 0.0605 ' 10.GS67 0. CGO'I

12 0.3223 0.0232 11.4205 0.-0006
13 0.5643 0.0403 . 14.0000 0.0021

flR000063
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SAMPLE iCl EEH,INC . (CHRYSOTILE) . .

riB£P CONCENTRATION BY NUMBER PER CUBIC METER' i 0.1GE+05 "
)'I3£r> COIICEHTP.ATIOH 'BY MASS, PER CUBIC METER i 0.000 GRfUIS*10t-6
HlR VOL. ,.3419.0 LITER?
lift I ii SQUARES COUNTED i 60 •

. DESCRIPTIVE STATISTICS

NO. OBS. • 6 ...

.VARIABLE ' .MEAN ', VARIANCE STANDARD STANDARD
•"'• . . . DEVIATION ERROR

1LEIIC.TK . 0. 53793E+00 0.21273E-01 0. 14535E+00 0.59544E-0
2 UIB7H 0.28383E-01 0.41522E-04 8.64437E-02 0.263G6E-0
3 ftSFcOT RATIO . 0. 19262E+02 . 0. 38060E+02 0. S1693E+01 0.2513GE^-0
< MASS 0. 11000E-02 0.31600E-06 0.56214E-03 0.2294SE-0

SKEHNESS .KURTOSIS MAX MIH RANGE

1 7.64757E+OC -0. 11933E+01 0.68590E+00 0. 28240EH-00 0.40330Et-03
2 0,S1331E*CO -0. S0794E+00 0. 40300E-31 0.282QQC-01 0.2Siee=-01
3 -0.53253E-s-0.0-0.13234.Etei 0.24206E>02 0. 10009E+02' 0. l4286£To£
4 0.2S71C£+00 -0. H695E-H01 0.20000E-02 0.50000E-03 0.1500GE-02

SAMPLE iCl EEH, INC (CHRYSOTILE)

LEHGTH WIDTH ASPECT MASS
RATIO

0.3245 . 0.0403 13.0000 0.0020
0.6859 0.02S2 . 24.2357 0.0013
0.2324 0.0202 10,0000 ' 0.0005
0.4841 0.0202 24.0000 0.0005
O.COS2 0.0282 21.4206 0.0011
0.6480 0.0232 22.3571 0.0012


